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Background. The clinical presentation of severe acute respiratory syndrome (SARS) resembles that of other
etiologies of community-acquired pneumonia, making diagnosis difficult. Hematological and biochemical abnor-
malities, particularly lymphopenia, are common in patients with SARS.

Methods. With the use of 2 databases, we compared the ability of the absolute lymphocyte count, absolute
neutrophil count, lactate dehydrogenase level, creatine kinase level, alanine aminotransferase level, and serum
calcium level at hospital admission to discriminate between cases of SARS and cases of community-acquired
pneumonia. The SARS database contained data for 144 patients with SARS from the 2003 Toronto SARS outbreak.
The community-acquired pneumonia database contained data for 8044 patients with community-acquired pneu-
monia from Edmonton, Canada. Patients from the SARS database were matched to patients from the community-
acquired pneumonia database according to age, and receiver operating characteristic curves were constructed for
each laboratory variable.

Results.  The areas under the receiver operating characteristic curves (AUCs) demonstrated fair to poor
discriminatory ability for all laboratory variables tested except absolute neutrophil count, which had an AUC of
0.80, indicating good discriminatory ability (although there was no cutoff value of the absolute neutrophil count
at which reasonable sensitivity or specificity could be obtained). Combinations of any 2 tests did not perform

significantly better than did the absolute neutrophil count alone.

Conclusions.

Routine laboratory tests, including determination of absolute lymphocyte count, should not be

used in the diagnosis of SARS or incorporated into current case definitions of SARS. The role of the absolute
neutrophil count in SARS diagnosis is likely limited, but it should be assessed further.

Severe acute respiratory syndrome (SARS) is a new re-
spiratory illness that emerged in China in February
2003, causing outbreaks in Hong Kong; Toronto, On-
tario; Singapore; Taiwan; and Vietnam [1]. SARS is
caused by the SARS-associated coronavirus (SARS-
CoV) [2-4].

Diagnosis of SARS—and distinguishing SARS-CoV
infection from other etiologies of community-acquired
pneumonia (CAP)—was one of the major challenges
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of the global SARS outbreak. The difficulty of diag-
nosing SARS resulted from the nonspecific clinical and
radiographic presentation of SARS, which is similar to
that of other causes of CAP [5-10].

Given the nonspecific presentation of SARS, the
World Health Organization (WHO), the Centers for
Disease Control and Prevention (CDC), and other
groups proposed case definitions that combined clinical
features (e.g., fever or respiratory symptoms) with ep-
idemiological features (e.g., direct contact with another
patient with SARS or travel to a SARS-affected area)
to improve diagnostic accuracy [11, 12]. Unfortunately,
these epidemiological factors are also nonspecific and
had poor positive predictive values during the global
outbreak, particularly in areas where the incidence of
SARS was low [13-15].

Patients with SARS frequently have hematological
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and biochemical abnormalities that are revealed by routine lab-
oratory testing, including lymphopenia (in 54%-98%), throm-
bocytopenia (37%-55%), elevated lactate dehydrogenase levels
(35%-87%), elevated creatine kinase levels (14%—-36%), hy-
pocalcemia (60%), and elevated alanine aminotransferase levels
(29%) [3, 5-9, 16-23]. Several case series and reviews of SARS
diagnosis, as well as a comparative study, suggest that routine
hematological and biochemical abnormalities (particularly lym-
phopenia) can aid in SARS diagnosis [7, 8, 16, 21, 24-26], and
current WHO recommendations also suggest measuring he-
matological and biochemical indices as part of the diagnostic
workup for SARS [27]. Despite these recommendations, no
study has systematically examined the ability of these tests to
accurately discriminate between cases of SARS and cases of
CAP due to other causes. This study was intended to assess the
ability of routine hematological and biochemical tests to dis-
tinguish between SARS-CoV infection and other etiologies of
CAP.

METHODS

Design, setting, and patients. To determine the ability of 6
common hematological and biochemical tests, measured at
hospital admission, to differentiate between patients with SARS
and patients with CAP due to other causes, we compared the
results from a database of SARS patients with those from a
database of CAP patients. The SARS database contained in-
formation on 144 patients with SARS from the first phase of
the Toronto SARS outbreak, which occurred from March
through May 2003. A description of this database has been
published previously [8]. Cases were identified by clinicians at
all Toronto-area hospitals caring for =10 patients with SARS
and were entered into the database if they met the 4 April 2003
CDC case definition for suspect or probable SARS. The defi-
nition for suspected SARS consisted of the presence of fever,
respiratory symptoms, and an exposure history; the definition
for probable SARS included suspected SARS plus abnormal
chest radiograph findings consistent with pneumonia [1].
Ethics approval for this study was obtained through the research
ethics boards at all participating hospitals and from the Uni-
versity of Toronto.

The CAP database contained information for 8044 patients
with CAP who presented to emergency departments at 7 hos-
pitals in Edmonton, Canada, from 1 November 2000 through
31 October 2002. Patients were included in this database if they
presented to an emergency department at a participating hos-
pital in Edmonton with =2 symptoms and signs of CAP and
had evidence of pneumonia revealed by their initial chest ra-
diograph, as interpreted by the emergency department physi-
cian or internal medicine consultant. The symptoms and signs
of CAP used to determine inclusion in this database included
cough (productive or nonproductive), pleuritic chest pain,

shortness of breath, fever (temperature, =38.0°C), or crackles
on auscultation. In addition, patients had to be >17 years of
age. Pregnant or nursing patients, patients with cystic fibrosis,
and patients receiving immunosuppressive drugs that reduced
their leukocyte counts to <1.0 X 10° cells/L were excluded. Pa-
tients with other causes of leukopenia were not excluded. In
addition, patients admitted directly to the intensive care unit
from the emergency department were excluded. Data for all
patients were entered into the database from 1 November 2000
through 31 October 2002 as part of a study of pneumonia
management pathways. Ethics approval for this study was ob-
tained from the research ethics boards at all participating hos-
pitals and the University of Alberta.

Patients from either database were included in this study if
they presented to an emergency department with respiratory
symptoms and had abnormal chest radiograph findings. Pa-
tients in the SARS database who met the exclusion criteria for
the CAP database were excluded, with 1 exception, from the
analysis. Patients from the SARS database who were admitted
directly to an intensive care unit were not excluded from the
analysis, because the decision to admit patients with SARS to
an intensive care unit was based on different criteria from those
usually used for CAP, such as the need for negative-pressure
isolation rooms and the need to intubate patients with SARS
early in the course of disease and under controlled conditions
to minimize the risk of transmission.

Because serological tests for SARS-CoV were not performed
for all patients in the SARS database, it was decided, a priori,
to conduct the analysis twice, once using both the seropositive
patients and those patients for whom definitive convalescent-
phase serological testing was never performed and once using
only seropositive patients. If the results of both analyses were
similar, the first analysis was to be considered the primary
analysis.

Measurement of laboratory variables. Routine laboratory
tests were ordered at the discretion of the treating physicians
and were conducted using standard methods at local labora-
tories serving hospitals in Toronto and Edmonton. Because
reference ranges varied between laboratories, results were stan-
dardized by dividing individual results by the upper range of
normal for the laboratory at which the test was performed.
Following analysis, results were converted back into standard
units on the basis of the reference range used for all of the
patients in the CAP database.

Serological testing. Serological status was determined by a
combination of ELISA and immunofluorescent antibody meth-
ods for detection of antibodies against SARS-CoV [28]. Sero-
logical status was considered negative if convalescent serum
samples obtained =28 days after onset of symptoms had neg-
ative serological test results, and serological status was consid-
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ered positive if =1 method detected IgM or IgG antibodies at
predefined dilutions.

Statistical analysis. A separate analysis was performed for
each laboratory variable. For absolute lymphocyte count (ALC),
all patients from the SARS database that had a baseline ALC
recorded were included. The largest possible sample of patients
from the CAP database who had also had their baseline ALC
recorded was then selected, such that the age distribution by
decade matched that of the sample from the SARS database.
Age-matching was performed to ensure that the presence of
differences in laboratory values was because of differences in
pathological processes and not simply because of the expected
age difference between the 2 cohorts. This process was then
repeated de novo for the absolute neutrophil count (ANC),
lactate dehydrogenase (LDH) level, creatine kinase (CK) level,
alanine aminotransferase (ALT) level, and serum calcium level.

Medians and interquartile ranges were calculated as summaries
of continuous variables. The Wilcoxon rank sum test was used
to compare the distributions of each laboratory variable between
the SARS database and CAP database patients [29].

Receiver operator characteristic (ROC) curves were con-
structed and the area under the ROC curve (AUC) was cal-
culated as a measure of discriminative ability [30, 31]. Higher
AUC values were considered to demonstrate better discrimi-
natory abilities as follows: excellent discrimination, AUC of
=0.90; good discrimination, 0.80 < AUC < 0.90; fair discrim-
ination, 0.70 < AUC < 0.80; and poor discrimination, AUC of
<0.70.

The values for each laboratory variable were divided into
quintiles on the basis of data for the patients with SARS, such
that ~20% of patients with SARS would fall within each of the
5 ranges. Likelihood ratios for the diagnosis of SARS were then
determined for values falling within each range.

After examining each laboratory test in isolation, all paired
combinations of laboratory tests were then compared to de-
termine whether any pair of laboratory variables would have

Table 1.
matching.

significantly greater discriminatory ability than that of any of
the individual variables.

RESULTS

Of the 144 patients in the SARS database, 52 were excluded
from the analysis because of normal chest radiograph findings
at presentation (25 patients), lack of respiratory symptoms at
presentation (16), or both (11). Of the other 92 patients, the
results of serological testing for SARS-CoV were available for
67 and were positive for 65 (97%). Given the high proportion
of patients who were seropositive and because no significant
differences were seen between the primary analysis (patients
with positive serological status or patients who did not have
testing of convalescent-phase serum samples performed) and
secondary analysis (seropositive patients only), only the results
of the primary analysis are presented.

Of the 8044 patients in the CAP database, 255 were excluded
because of missing age (212 patients) or age <17 years (43
patients).

The number of patients that had each laboratory variable
measured and the number of patients available after age-match-
ing for each laboratory variable are shown in table 1. Because
each laboratory value was assessed individually, numbers vary
from test to test.

The median LDH level (289 U/L vs. 215 U/L; P<.001), CK
level (196 U/L vs. 96 U/L; P<.001), and ALT level (35 U/L vs.
23 U/L; P<.001) were significantly elevated in patients with
SARS, compared with patients with CAP, whereas the median
ANC (3.85 X 10° cells/L vs. 8.3 X 10° cells/L; P< .001) and serum
calcium level (2.09 mmol/L vs. 2.22 mmol/L; P < .001 ) were lower
in patients with SARS, compared with patients with CAP (table
2). There was no statistically significant difference in the median
ALC between patients with SARS and patients with CAP (1.1
X 10° cells/L vs. 1.2 X 10° cells/L; P = .25) (table 2).

Despite statistically significant differences in median values

Number of patients available for analysis before and after age-

No. of patients before
age-matching, by

No. of patients after
age-matching, by

database database
Patients Patients Patients Patients
Laboratory variable with CAP  with SARS  with CAP  with SARS
Absolute lymphocyte count 5935 78 2155 78
Absolute neutrophil count 5932 76 2097 76
Lactate dehydrogenase data 912 59 81 59
Creatine kinase data 2289 68 206 68
Serum calcium data 1976 60 188 60
Alanine aminotransferase data 1590 75 382 75

NOTE.

CAPR community-acquired pneumonia; SARS, severe acute respiratory syndrome.
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Table 2.

Laboratory values at the time of admission to hospital for patients with severe

acute respiratory syndrome (SARS) and age-matched patients with community-acquired pneu-

monia (CAP).

Laboratory variable

Patients with SARS

Patients with CAP P

Absolute lymphocyte count X 10° cells/L 1.10 (0.79-1.45) 1.20 (0.70-1.70) .246
Absolute neutrophil count X 10° cells/L 3.85 (2.40-5.73) 8.30 (5.50-12.00) <.001
Lactate dehydrogenase level, U/L 289 (208-428) 215 (180-279) <.001
Creatine kinase level, U/L 196 (96-445) 96 (560-176) <.001
Serum calcium level, mmol/L 2.09 (2.00-2.22) 2.22 (2.10-2.33) <.001
Alanine aminotransferase level, U/L 34.5 ( 23.7-63.2) 23.0 (15.0-36.0) <.001

NOTE. Data are mean value (interquartile range).

for all but the ALC, interquartile ranges demonstrated signif-
icant overlap between the distributions for SARS and CAP for
all laboratory variables (table 2 and figures 1-3). This is re-
flected in the lack of discriminatory power identified through
analysis of the ROC curves and AUC (figures 1-3). ALC (AUC,
0.54), LDH level (AUC, 0.68), ALT level (AUC, 0.67), and
serum calcium level (AUC, 0.68) had poor discriminatory abil-
ity, CK level (AUC, 0.71) had fair discriminatory ability, and
only the ANC (AUC, 0.80) demonstrated good discriminatory
ability.

When ROC curves and AUC were calculated for all paired
combinations of laboratory tests, only trivial improvements in
AUC were noted, with the maximum AUC being 0.84 (for the
paired combination of ANC and ALT levels; data not shown).
The likelihood ratios for the diagnosis of SARS for ANC ranged
from 7.0 for the lowest quintile (ANC, <2.25 X 10” cells/L) to
0.28 for the highest quintile range (ANC, >6.00 X 10° cells/L).
For all other laboratory variables examined, the maximum like-
lihood ratio for the diagnosis of SARS was 3.3 (LDH level, 334—
486 U/L), and the minimum likelihood ratio was 0.41 (ALT
level, <22 U/L; data not shown). Furthermore, no specific cutoff
value for the ANC could be identified that provided a reason-
able sensitivity or specificity. To obtain a sensitivity of 90%, an
ANC cutoff value of 7.6 X 10° cells/L provided a specificity of
only 55%; conversely, to obtain a specificity of 90%, an ANC
cutoff value of 3.6 X 10” cells/L provided a sensitivity of only
46%.

DISCUSSION

Hematological and biochemical abnormalities occur frequently
in patients with SARS. This study also demonstrates that several
of these abnormalities occur more frequently in patients with
SARS than in patients with CAP. However, to be useful diag-
nostically, the overlap in the distribution of the results for a
given test for patients with SARS and those with CAP must be
small. Thus, although statistically significant differences in me-
dian values were found for all laboratory variables examined
except the ALC, the discriminative ability of these tests was

limited by the overlap in their distributions, as seen in the box
plots and ROC curves (figure 1-3) and quantitatively dem-
onstrated by the low AUC seen for all variables tested except
the ANC.

The identification of the ANC as the most discriminatory
test assessed, on the basis of an AUC of 0.80, was an unexpected
finding and has not, to the best of our knowledge, been pre-
viously reported. The discriminatory ability of the ANC is likely
caused by elevated ANCs seen in cases of bacterial CAP rather
than by any abnormality of the ANC in patients with SARS.
The value of the ANC in clinical practice will be limited for
several reasons. First, no cutoff ANC was identified that was
both sensitive and specific for the diagnosis of SARS. Second,
in clinical practice, it will be necessary to distinguish not only
between SARS and CAP but also between SARS and other
causes of fever and respiratory symptoms, including influenza,
other viral respiratory tract infections, and congestive heart
failure. Because these other conditions, unlike bacterial CAP,
do not typically cause elevations in the ANG, it is unlikely that
the low normal ANC typically seen in cases of SARS (median
ANC, 3.85 X 10° cells/L) will be capable of distinguishing be-
tween SARS and nonbacterial causes of CAP.

The present study has several limitations. First, serological
confirmation of the diagnosis of SARS was not obtained for
all patients. However, serological test results were positive for
97% of patients tested, and the results of the analysis did not
differ when patients without serological results were excluded.
Second, because the CAP database did not measure laboratory
values over time, we were unable to examine trends in labo-
ratory values after hospital admission. Therefore, it remains
possible that greater differences between the laboratory values
in patients with SARS, compared with patients with CAP, might
occur later in the illness. However, laboratory tests performed
late in the course of illness would not help in distinguishing
cases of SARS from cases of CAP at the time of initial assess-
ment, when decisions regarding hospital admission, isolation,
and treatment must be made. Furthermore, the patients with
SARS in this cohort presented to the hospital at a median of
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Box plots and receiver operator characteristic curves for absolute neutrophil count (A) and absolute lymphocyte count (B), comparing

data for patients with community-acquired pneumonia (CAP) with data for patients with severe acute respiratory syndrome (SARS). White bar, median
value; shaded area, 25th to 75th percentile; black lines, outliers; brackets, the most extreme data points that are within 1.5 times the interquartile

range, from the 25th to the 75th percentile.

5 days (interquartile range, 3—7 days) after the onset of their
symptoms. Given the widespread awareness of SARS, in future
outbreaks, patients will likely present earlier, further limiting
the value of tests that may not be discriminatory until late in
the course of the illness. Third, we examined each test indi-
vidually but were unable to perform a multivariable analysis
because an insufficient number of patients in the CAP database

had data for all 6 laboratory values. However, because no in-
dividual test demonstrated good discriminatory ability, because
the results of several of these tests are unlikely to be indepen-
dent, and because testing of all paired combinations of tests
did not significantly improve discriminatory ability, it is un-
likely that any aggregate measurement of these tests is likely to
be useful in the diagnosis of SARS.
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patients with community-acquired pneumonia (CAP) with data for patients with severe acute respiratory syndrome (SARS). White bar, median value;
shaded area, 25th to 75th percentile; black lines, outliers; brackets, the most extreme data points that are within 1.5 times the interquartile range,

from the 25th to the 75th percentile.

Since the global SARS outbreak was declared over on 12 June
2003, sporadic cases of animal-to-human transmission of
SARS-CoV-like viruses have continued in southern China, and
11 cases of SARS have resulted from laboratory transmission
in Singapore, Taiwan, and China [32]. Because the confirmation
of a diagnosis of SARS now depends on either serological testing

for SARS-CoV (the results of which may not be positive for
up to 28 days) or PCR assays for the detection of SARS-CoV
(which continue to have limited sensitivity and specificity early
in the course of disease), initial assessment of potential SARS
cases continues to rely heavily on clinical, radiographic, and
epidemiological factors. However, the assessment of patients
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patients with community-acquired pneumonia (CAP) with data for patients with severe acute respiratory syndrome (SARS). White bar, median value;
shaded area, 25th to 75th percentile; black lines, outliers; brackets, the most extreme data points that are within 1.5 times the interquartile range,

from the 25th to the 75th percentile.

from southern China with unexplained febrile respiratory ill-
ness is complicated by the difficulty of identifying direct epi-
demiological links in the absence of a recognized outbreak.
Therefore, physicians and public health authorities continue to
struggle with the difficult task of assessing patients for SARS
when they present with unexplained febrile respiratory illnesses,

particularly if the patients are travelers from or residents of
southern China. As a result, national and international public
health authorities have continued to develop and revise case
definitions in an attempt to improve their diagnostic accuracy.
Some have advocated for the inclusion of routine hematological
or biochemical test data (in particular, the ALC) in the case
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definition, given the frequency with which lymphopenia has
been reported in association with SARS [27].

Our results do not support this approach, because we were
unable to demonstrate significant discriminative ability for any
of the laboratory tests that have been suggested for use in the
diagnosis of SARS. In particular, the ALC is a poor discrimi-
nator between SARS and CAP. Although these results are de-
rived from a single retrospective study, we believe that addi-
tional studies assessing the discriminative ability of laboratory
tests should be performed before the use of such laboratory
tests is recommended in either formal or informal algorithms
for SARS diagnosis.
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